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THERMAL ENERGY DSSPATING 
ARRANGEMENT FOR ALIGHT EMITTING 

DODE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

0001. This patent application claims priority to and the 
benefit of U.S. Provisional Patent Application Ser. No. 
61/161,611, filed Mar. 19, 2009, the disclosure of which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to structures 
and techniques for dissipating thermal energy, and more spe 
cifically to structures and techniques for dissipating thermal 
energy generated by current flow in semiconductor circuits. 

BACKGROUND 

0003. In the operation of conventional semiconductor cir 
cuits, thermal energy generated by current flow across one or 
more semiconductor junctions results in increased tempera 
ture of the junction, the semiconductor material Surrounding 
the junction and also of the environment Surrounding the 
semiconductor circuit. It is desirable to dissipate at least some 
of the thermal energy generated as a result of Such current 
flow before such thermal energy results in an undesirable 
increase in the temperature of the semiconductor material and 
its Surrounding environment. 

SUMMARY 

0004. The present invention may comprise one or more of 
the features recited in the attached claims, and/or one or more 
of the following features and combinations thereof. Athermal 
energy dissipating arrangement for a light emitting diode 
(LED) may comprise an LED and a thermal energy dissipat 
ing medium. The LED may include an LED circuit having a 
top surface from which radiation is emitted in response to 
current flow through the LED circuit and an opposite bottom 
Surface, and encapsulating material Surrounding the LED 
circuit, the encapsulating material defining a top portion 
opposite the top surface of the LED circuit, a bottom portion 
opposite the bottom surface of the LED circuit and at least one 
side portion extending between the bottom portion and the top 
portion. The thermal energy dissipating medium may have a 
top Surface, a bottom Surface and thickness therebetween 
defining an opening therethrough sized to receive therein the 
LED such that the thickness of the thermal energy dissipating 
medium defining the opening is in physical, thermally con 
ductive contact with an exterior surface of theat least one side 
portion of the encapsulating material of the LED. The top and 
bottom surfaces of the thermal energy dissipating medium 
may each define a length that is greater than the thickness and 
that extends radially away from the opening to an outer 
periphery. The thickness of the thermally conductive medium 
defining the opening and in contact with the exterior Surface 
of the at least one side portion of the encapsulating material of 
the LED may absorb thermal energy generated within the 
LED as a result of current flow through the LED circuit. The 
thermal energy dissipating medium may reject the absorbed 
thermal energy to an ambient environment Surrounding the 
thermal energy dissipating medium through a surface area of 
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the thermal energy dissipating medium defined by the com 
bination of the top surface, the bottom surface and the outer 
periphery. 
0005. The thickness of the thermal energy dissipating 
medium may be substantially uniform between the opening 
and the outer periphery thereof. 
0006. The length of the top and bottom surfaces of the 
thermal energy dissipating medium may be substantially con 
stant about the outer periphery thereof. Alternatively, the 
length of the top and bottom surfaces of the thermal energy 
dissipating medium may vary about the outer periphery 
thereof. 

0007. The thermal energy dissipating medium may com 
prise at least one of copper (Cu) and aluminum (Al). Alter 
natively or additionally, the thermal energy dissipating 
medium may comprise one or more of copper (Cu), Alumi 
num (Al), Gold (Au), Silver (Au), Magnesium (Mg), Tin 
(Sn), Zinc (Zn), Tungsten (W) and Beryllium (Be). 
0008. The thermal energy dissipating medium may be 
formed of a material having a thermal conductivity of at least 
50 W/mK. Alternatively, the thermal energy dissipating 
medium may be formed of a material having a thermal con 
ductivity of at least 200 W/mK. 
0009. The LED may further comprise a mounting surface 
to which the bottom surface of the LED circuit is mounted. 
The thermal energy dissipating medium may be separate 
from, and is not connected to, the mounting Surface. 
0010. The thermal energy dissipating medium may be 
electrically isolated from the LED circuit. 
0011. The thermal energy dissipating arrangement may 
further comprise a high Surface emissivity coating applied to 
one or more of the top Surface of the thermal energy dissipat 
ing medium, the bottom Surface of the thermal energy dissi 
pating medium and the outer periphery of the thermal energy 
dissipating medium. 
0012. An interface may be defined between the opening 
defined through the thickness of the thermal energy dissipat 
ing medium and the at least one side of the encapsulating 
material of the LED. The thermal energy dissipating arrange 
ment may further comprise a thermally conductive medium 
interposed in the interface, the thermally conductive medium 
facilitating transfer of the thermal energy from the LED to the 
thermal energy dissipating medium. The thermally conduc 
tive medium may comprise at least one of a thermally con 
ductive grease and a thermally conductive bonding medium. 
0013 The LED circuit may define a semiconductor junc 
tion between the top and bottom surfaces thereof across 
which the current flows through the LED circuit. The semi 
conductor junction may define a plane that is Substantially 
parallel with the top and bottom surfaces of the LED circuit. 
The thickness of the thermal energy dissipating medium may 
be substantially aligned with the plane defined by the semi 
conductor junction of the LED circuit. 
0014. Alternatively, the thickness of the thermal energy 
dissipating medium defining the opening may intersect an 
angle of less than or equal to a predefined angle relative to the 
plane defined by the semiconductor junction of the LED 
circuit. Illustratively, the predefined angle may be about 60 
degrees. Alternatively, the predefined angle may be about 45 
degrees. Alternatively, still, the predefined angle may be 
about 15 degrees. Alternatively still, the predefined angle may 
be about Zero degrees such that the plane defined by the 
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semiconductor junction of the LED circuit substantially 
bisects the thickness of the thermal energy dissipating 
medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a cross-sectional view of one illustrative 
embodiment of a thermal energy dissipating arrangement for 
a semiconductor circuit. 
0016 FIG. 2 is a perspective view of the embodiment 
illustrated in FIG. 1. 
0017 FIG. 3 is a cross-sectional view of another illustra 
tive embodimentofathermal energy dissipating arrangement 
for a semiconductor circuit. 
0018 FIG. 4 is a perspective view of the embodiment 
illustrated in FIG. 3. 
0.019 FIG. 5 is a cross-sectional view of one illustrative 
embodiment of a thermal energy dissipating arrangement for 
one example electrical component including a semiconductor 
circuit. 
0020 FIG. 6 is a cross-sectional view of another illustra 
tive embodimentofathermal energy dissipating arrangement 
for an electrical component of the type illustrated in FIG. 5. 
0021 FIG. 7 is a perspective view of yet another illustra 

tive embodimentofathermal energy dissipating arrangement 
for an electrical component of the type illustrated in FIG. 5. 
0022 FIG. 8 is a cross-sectional view of still another illus 
trative embodiment of a thermal energy dissipating arrange 
ment for an electrical component of the type illustrated in 
FIG.S. 

0023 FIG. 9 is a front elevational view of one illustrative 
embodiment of a thermal energy dissipating arrangement for 
a plurality of electrical components generally of the type 
illustrated in FIG. 5, which thermal energy dissipating 
arrangement also acts as a component mounting arrangement 
for the plurality of electrical components. 
0024 FIG. 10 is a perspective view of another illustrative 
embodiment of a thermal energy dissipating arrangement for 
a plurality of electrical components generally of the type 
illustrated in FIG. 5, which thermal energy dissipating 
arrangement also acts as a component mounting arrangement 
for the plurality of electrical components. 
0025 FIG. 11 is a perspective view of the thermal energy 
dissipating arrangement of FIG. 10 with a plurality of elec 
trical components mounted thereto. 
0026 FIG. 12 is a top plan view of yet another illustrative 
embodiment of a thermal energy dissipating arrangement for 
a plurality of electrical components generally of the type 
illustrated in FIG. 5, which thermal energy dissipating 
arrangement also acts as a component mounting arrangement 
for the plurality of electrical components. 
0027 FIG. 13A is a cross-sectional view of the embodi 
ment shown in FIG. 12. 

0028 FIG. 13B is a cross-sectional view of the embodi 
ment illustrated in FIG. 12 with a first modified geometry of 
the thermal energy dissipating arrangement. 
0029 FIG. 13C is a cross-sectional view of the embodi 
ment illustrated in FIG. 12 with a second modified geometry 
of the thermal energy dissipating arrangement. 
0030 FIG. 13D is a cross-sectional view of the embodi 
ment illustrated in FIG. 12 with a third modified geometry of 
the thermal energy dissipating arrangement. 
0031 FIG. 14 is a cross-sectional view of the embodiment 
illustrated in FIGS. 12 and 13A illustrating the electrical 
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component mounted to a number of juxtaposed thermal 
energy dissipating arrangements. 
0032 FIG. 15 is a plot of thermal energy dissipation 
medium Surface temperature vs. distance from the Surface of 
a light emitting diode circuit. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

0033 For the purposes of promoting an understanding of 
the principles of the invention, reference will now be made to 
a number of illustrative embodiments shown in the attached 
drawings and specific language will be used to describe the 
SaC. 

0034. This patent application is related to the following 
U.S. patent applications, all of which claim priority to and the 
benefit of U.S. Provisional Patent Application Ser. No. 
61/161,611, filed Mar. 19, 2009, and all of which were filed 
Mar. 19, 2010: (1) U.S. patent application Ser. No. s 
entitled Apparatus For Dissipating Thermal Energy Gener 
ated By Current Flow In Semiconductor Circuits and having 
attorney docket no. 48094-211172, (2) U.S. patent applica 
tion Ser. No. entitled Thermal Energy Dissipating 
And Light Emitting Diode Mounting Arrangement and hav 
ing attorney docket no. 48094-211179, (3) U.S. patent appli 
cation Ser. No. entitled Flexible Thermal Energy 
Dissipating And Light Emitting Diode Mounting Arrange 
ment and having attorney docket no. 48094-211180, and (4) 
U.S. patent application Ser. No. entitled Arrange 
ment For Dissipating Thermal Energy Generated By A Light 
Emitting Diode and having attorney docket no. 48094 
211182. 
0035 Referring now to FIG. 1, a cross-sectional view of 
one illustrative embodiment of a thermal energy dissipating 
arrangement 10 is shown for a semiconductor circuit 12. The 
semiconductor circuit 12 may include any number of semi 
conductor junctions defined between two dissimilar semicon 
ductor materials. The term “two dissimilar semiconductor 
materials” is defined for purposes of this disclosure as two 
semiconductors which differ in their concentration of elec 
trons and/or holes. For example, so-called “P-type' and 
“N-type' semiconductor materials are, for purposes of this 
disclosure, two dissimilar semiconductor materials, and a 
conventional P-N junction therefore falls within the meaning 
ofa semiconductorjunction between two dissimilar semicon 
ductor materials. Other examples will occur to those skilled in 
the art, and any such other examples are contemplated by this 
disclosure. 
0036. In the example illustrated in FIG.1, a simple form of 
the semiconductor circuit 12 is shown and includes a single 
semiconductor junction 15 formed between a P-type semi 
conductor region or layer 14 and an N-type semiconductor 
region or layer 16. In one illustrative implementation, which 
should not be considered to be limiting in any way, the semi 
conductor circuit 12 illustrated in FIG. 1 is a conventional 
light emitting diode (LED). It will be understood, however, 
that the semiconductor circuit 12 may alternatively include 
any number of semiconductor regions or layers and any num 
ber of semiconductor junctions formed therebetween. 
0037. In the illustrated example, a driver circuit 18 is elec 
trically connected across the semiconductor circuit 12, e.g., 
between the P-type region 14 and the N-type region 16, such 
that current flow, I, through the semiconductor circuit 12 and 
across the semiconductor junction 15 is generally normal to a 
plane defined by the semiconductor junction 15. The driver 
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circuit 18 may be a conventional driver circuit configured to 
drive the semiconductor circuit 12 from a conventional DC 
voltage source. Alternatively, the driver circuit 18 may be a 
conventional driver circuit that may or may not include one or 
more of a conventional transformer, a conventional full 
bridge rectifier circuit, a conventional half-bridge rectifier, or 
the like, and that is, in any case, configured to convert an AC 
Voltage from an AC Voltage source to a DC Voltage Suitable 
for driving the semiconductor circuit 12. Alternatively still, 
the driver circuit 18 may be configured to drive the semicon 
ductor circuit 12 only during only one or the other one-half 
cycle of an AC Voltage produced by an AC voltage source 
such that the resulting drive voltage has a net DC value with 
an appropriate polarity to drive the semiconductor circuit 12. 
0038. The semiconductor circuit 12 is encapsulated in a 
conventional encapsulating material 17, e.g., epoxy, resin 
based material, or the like. The encapsulating material 17 is in 
physical contact with the top Surface of the semiconductor 
layer 14, and also with each of the sides of the semiconductor 
circuit 12. Although FIG. 1 shows the encapsulating material 
17 also in physical contact with the bottom surface of the 
semiconductor layer 16, it will be understood that this is for 
illustration purposes only, and that the bottom surface of the 
semiconductor layer 16 in typical implementations will actu 
ally be physically mounted to a conventional semiconductor 
mounting Surface, e.g., a conventional lead frame or other 
Suitable mounting Surface. In such cases, the plane defined by 
the junction 15 illustrated in FIG. 1 will be substantially 
parallel to the mounting surface of the semiconductor circuit 
12. 

0039. In embodiments in which the semiconductor circuit 
12 is a light emitting diode (LED), for example, the encapsu 
lating material 17 may typically be a transparent or otherwise 
light transmissive epoxy material that cures to a hardened 
state and that is typically provided in a color that matches that 
of the radiation produced by the LED. For other semiconduc 
tor circuits the encapsulating material may not be transparent 
or light transmissive and may beformed of other conventional 
encapsulating materials. In any case, the encapsulating mate 
rial is in physical contact with, and Surrounds the semicon 
ductor circuit. 

0040. The thermal energy dissipating arrangement 10 
illustrated in FIG. 1 further includes a thermally conductive 
medium 20 positioned substantially opposite to the plane 
defined by the semiconductor junction 15, and in physical 
contact with the encapsulating material 17 opposite the junc 
tion 15. The thermally conductive medium 20 illustratively 
defines an opening therethrough that extends completely 
about the periphery of the semiconductor circuit 12 substan 
tially opposite to the plane defined by the semiconductor 
junction, as shown most clearly in FIG. 2, although this dis 
closure contemplates that the thermally conductive medium 
20 in Some embodiments may only partially Surround the 
semiconductor circuit 20. The thermally conductive medium 
20 has a thickness W. and lengths L1 and L2 on either side of 
the combination of the semiconductor circuit 12 and encap 
sulating material 17. L1 may be, but need not, be equal to L2. 
The thickness, W, at the opening defined through the thermal 
energy dissipating medium 20 defines a wall that physically 
contacts the outer Surface of the encapsulating material. In 
Some embodiments, the lengths L1 and/or L2 may be greater 
or even much greater than the thickness, W, and in other 
embodiments one or both of the lengths L1 and L2 may be 
equal to or less than W. 
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0041) Semiconductor materials are generally understood 
to comprise crystalline structures that form crystal lattices. 
When current flows across a semiconductor junction formed 
between two dissimilar semiconductor materials, thermal 
energy is transferred to the crystal lattice via various pro 
cesses including, but not necessarily limited to, electron-hole 
pair generation and recombination, photon emission in the 
case of light emitting diodes (LEDs), Peltier heating, elec 
tron-hole scattering and the like. At least some of these energy 
transfer processes result in localized heating of the crystal 
lattice which increases the temperature of the semiconductor 
circuit 12 particularly in the vicinity of the junction 15. If this 
increase in the semiconductor junction temperature is not 
adequately managed, the entire semiconductor circuit 12 as 
well as the environment Surrounding the semiconductor cir 
cuit 12, i.e., the encapsulating material 17 illustrated in FIG. 
1, will likewise rise in temperature. Without adequate thermal 
energy management, thermal energy resulting from Such cur 
rent flow across the semiconductor junction 15 may result in 
excessive heating of the entire semiconductor circuit 12 and 
its Surrounding environment. 
0042. As used in this disclosure, the term “thermal 
energy” is defined in the context of a semiconductor circuit 12 
as energy that is transferred to the semiconductor lattice when 
current flows across a semiconductor junction between two 
dissimilar semiconductor materials. When such thermal 
energy is transferred to the semiconductor lattice as a result of 
current flow across a semiconductor junction as described 
above, at least some of this thermal energy is directed out 
wardly from and parallel to the semiconductor junction in the 
form of heat flux resulting from the corresponding rise in 
temperature of the semiconductor junction 15. In the example 
embodiment illustrated in FIGS. 1 and 2, this thermal energy 
of the semiconductor device, TEs, is thus depicted as being 
directed outwardly away from the semiconductor junction 15 
in all directions about the periphery of the semiconductor 
circuit 12 through the encapsulating material 17 Surrounding 
the semiconductor circuit 12. The thermally conductive 
medium 20 extending at least partially about the semiconduc 
tor circuit 20, at least a portion of which is positioned sub 
stantially opposite to the plane defined by the semiconductor 
junction 15, absorbs and dissipates at least some of this ther 
mal energy, TEs, that would otherwise result in heating of 
the entire semiconductor 12 and of the encapsulating material 
17 surrounding the semiconductor circuit 12. It should be 
noted that in FIG. 2, the encapsulating material 17 is omitted 
to illustrate the thermal energy, TEs, that is directed out 
wardly away from the semiconductor device 12 toward the 
thermal energy dissipating medium 20, and the lengths, L1 
and L2 (as well as L3 and L4), of the thermal energy dissi 
pating medium 20 are truncated for ease of illustration. 
0043. Because this thermal energy, TEs, that is directed 
outwardly from the semiconductor device 12 from the plane 
defined by the semiconductor junction 15 is absorbed and 
dissipated by the thermally conductive medium 20, the tem 
perature of the semiconductor circuit 12 and of the encapsu 
lating material 17 Surrounding the semiconductor circuit 12 
can be effectively managed. As will be described in greater 
detail hereinafter, the operating temperature of the semicon 
ductor circuit 12 and the Surrounding encapsulating material 
17 can be suitably controlled by appropriate choice the mate 
rial used for the thermally conductive medium 20, its place 
ment relative to the semiconductor circuit 12, its thickness 
and its total Surface area. 
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0044) Ideally, the thermally conductive medium 20 should 
have high thermal conductivity, i.e., should have a high ability 
to conduct heat. It is known that metals having high electrical 
conductivity also generally have high thermal conductivity, 
and in this regard materials that work well for the thermally 
conductive medium 20 include, but should not be limited to, 
one or any combination of Silver (Ag), Copper (Cu), Gold 
(Au), Aluminum (Al), Brass, Bronze, Iron (Fe), Nickel (Ni). 
Zinc (Zn), Magnesium (Mg) and Tungsten (W). Non-metals 
having high thermal conductivity, Such as diamond, Zirco 
nium and graphite, may also be used. However, practical 
considerations including, for example, but not limited to, cost 
and availability, will typically influence the choice of material 
(s) used for the thermally conductive medium 20. The follow 
ing Table I sets forth the thermal conductivities of various 
materials that may be suitable for use, either alone or in 
combination, as the thermal energy dissipating medium 20. It 
will be understood, however, that Table I sets forth only 
examples of materials that may be used, either alone or in 
combination with others, as the thermal energy dissipating 
medium 20, and that other suitably high thermal conductivity 
materials that do not appear in Table I may be alternatively or 
additionally used. 

TABLE I 

Material Thermal Conductivity (W/mK) 

Diamond 900-2320 
Silver (Ag) 429 
Copper (Cu) 401 
Gold (Au) 3.18 
Aluminum (AI) 120-237 
Tin (Sn) 66 
Steel 45 
Lead (Pb) 35.3 
Graphite >120 
Brass 111-120 
Bronze 26-106 
Iron 47-80 
Nickel (Ni) 90 
Zinc (Zn) 116 
Magnesium (Mg) 160 
Tungsten (W) 162-173 
Beryllium (Be) 218 
Zirconium 250 

0045. It is generally desirable to select the thermal energy 
dissipating medium 20 for use with the semiconductor circuit 
12 to have a thermal conductivity at least, i.e., greater than or 
equal to, about 50 W/mK, where W/mK is understood to 
mean Watts per meter-Kelvin, although higher thermal con 
ductivity materials may additionally or alternatively be used. 
In some applications in which the semiconductor circuit 12 is 
implemented in the form of a plurality of light emitting 
diodes, for example, materials such as Cu and Al having 
thermal conductivities of at least, i.e., greater than or equal to, 
200 W/mK have been found to work well as the thermal 
energy dissipating medium. 
0046. In some embodiments it may also be desirable for 
the thermally conductive medium 20 to have a low coefficient 
of thermal expansion Such that linear and/or Volumetric 
expansion or movement of the thermally conductive material 
over the range of operating temperatures is low. Relatively 
high thermally conductive materials that also have relatively 
low thermal expansion coefficients include, but should not be 
limited to, diamond, tungsten, steel, Nickel (Ni), Gold (Au), 
Copper (Cu), Silver (Ag), Brass, Aluminum (Al), Magnesium 
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(Mg) and Zinc (Zn). In some embodiments, some examples of 
which will be described hereinafter, it may further be desir 
able to utilize the thermally conductive medium 20 also as the 
mounting and Support structure for any number of semicon 
ductor circuits 12, e.g., light emitting diodes. In this regard, a 
thermally conductive medium 20 formed of one or some 
combination of for example, but not limited to, Copper (Cu), 
Aluminum (Al), Nickel (Ni). Magnesium (Mg), Zinc (Zn), 
Tungsten (W) and/or brass make good choices as strips, 
sheets, bands, etc. as Such materials can not only be dimen 
Sioned to Support a plurality of semiconductor circuits 12, 
e.g., LEDs, they can also be made flexible or semi-flexible so 
as to be formable to any desired or target shape either before 
or after mounting a plurality of semiconductor circuits 12, 
e.g., LEDs, thereto so that radiation emitted by the LEDs can 
be directed in multiple directions. 
0047 Generally, thermal energy is transferred from one 
place to another via one or more of three basic mechanisms; 
(1) conduction, i.e., direct thermal energy transfer through a 
Solid, (2) convection, i.e., thermal energy transfer via move 
ment of a fluid, and (3) radiation, i.e., thermal energy transfer 
via propagation of visible and non-visible radiation. For pur 
poses of this document, thermal energy transfer will be 
described in terms of conventional heat transfer equations 
with the quantity of interest being "Q,” defined here as trans 
ferred heat in conventional units, e.g., Watts. Thus, the terms 
thermal energy transfer and heat transfer, Q, will be used 
synonymously herein. 
0048. In the transfer of the thermal energy,TEs from the 
junction 15 of the semiconductor device 12 through the 
encapsulating material 17 toward the thermal energy dissi 
pating medium 20 as illustrated in FIGS. 1 and 2, only two of 
the conventional heat transfer mechanisms are pertinent; 
namely, conduction and radiation. In terms of heat transfer, Q, 
the two quantities of interest are thus the heat transferred from 
the junction 15 of the semiconductor device or circuit 12 
through the encapsulating material 17 toward the thermal 
energy dissipating medium 20 via conduction, Qs, and the 
heat transferred from the junction 15 of the semiconductor 
circuit 12 through the encapsulating material 17 toward the 
thermal energy dissipating medium 20 via radiation, Qs. 
The quantity Qs, is given by the conductive heat transfer 
equation: 

Psi-2JkW (T-T), InCRyR) (1), 

0049 where Q (Watts) is the heat transferred from the 
junction 15 of the semiconductor circuit or device 12 through 
the encapsulating material 17 toward the thermal energy dis 
sipating medium 20 via conduction, k (Watts/degree 
C.-meter) is the thermal conductivity of the encapsulating 
material 17, W is the thickness of the thermal energy dissi 
pating material 20, T., (degrees C.) is the temperature of the 
semiconductor junction 15, T., (degrees C.) is the tempera 
ture of the outer periphery of the encapsulating material 17 
across from the semiconductor junction 15 (i.e., at the inter 
face with the thermal energy dissipating medium 20), R. 
(meters) is the radius from the center of the semiconductor 
circuit 12 to the outer periphery of the encapsulating material 
17 across from the semiconductor junction 15 (i.e., at the 
interface with the thermal energy dissipating medium 20), 
and R is the radius from the center of the semiconductor 
circuit 12 to the outer periphery of the semiconductor circuit 
12. The dimensional variables W. R. and Rare illustrated in 
FIG 1. 
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0050. It should be noted that R, will typically be an 
approximated value as most semiconductor circuits 12 are 
either square or rectangular in shape. Moreover, the semicon 
ductor circuit 12 will typically be mounted to a lead frame 
(not shown in FIG. 1), which if thermally bonded to the 
semiconductor circuit 12, as is typically done, will necessar 
ily become part of the heat source. For purposes of this 
disclosure, the term “heat source” refers to a combination of 
the junction 15 of the semiconductor device 12 where thermal 
energy is generated as a result of current flow across the 
junction 15 as described hereinabove, and any portion of all 
similarly thermally conductive structures integral with and/or 
physically connected, attached, mounted and/or bonded 
thereto that rises to within a threshold value of the operating 
temperature of the semiconductor junction 15 resulting from 
current flow across the junction 15. For example, the “heat 
source' in the context of the embodiment illustrated in FIG. 1 
includes the junction 15 as well as the entirety of the integral 
semiconductor circuit 12. In embodiments in which the semi 
conductor circuit 12 is mounted to a lead frame, the “heat 
source' includes the junction 15, the entirety of the integral 
semiconductor circuit 12 and the lead frame to which the 
semiconductor circuit 12 is mounted, assuming that the lead 
frame is a “similarly thermally conductive structure.” For 
purposes of this disclosure, the term “similarly thermally 
conductive structure” refers to any structure having a thermal 
conductivity that is sufficiently close to that of the semicon 
ductor circuit 12 and that is at least an order of magnitude 
greater than that of the material or environment surrounding 
Such structure(s). Any approximation of R in embodiments 
that include such a lead frame or other thermally conductive 
structure(s) to which the semiconductor circuit 12 is mounted 
may therefore need to take into account the dimensions and/or 
geometry of Such a lead frame or other thermally conductive 
structure(s). 
0051. It should further be noted with respect to equation 
(1) that as the distance between the semiconductor circuit 12 
and the outer periphery of the encapsulating material 17 
decreases, the ratio R/R becomes Smaller and the conduc 
tive thermal energy transferred from the heat source to the 
outer periphery of the encapsulating material 17 accordingly 
increases proportionally to 1/ln(R/R). Likewise, as the 
width of the thermal energy dissipating medium 20 increases, 
the conductive thermal energy transferred from the heat 
source to the outer periphery of the encapsulating material 17 
proportionally increases. However, if the position of the ther 
mal energy dissipating medium 20 is not directly opposite to 
the semiconductor junction 15, e.g., and is instead positioned 
above or below the semiconductor circuit 12, the ratio R/R, 
increases by a factor ofcos 0, where 0 is the angle between the 
plane defined by the junction 15 of the semiconductor circuit 
12 and the center of the thermal energy dissipating medium 
20. 

0.052. It should also be noted that the transfer of thermal 
energy via conduction according to equation (1) requires 
physical, thermally conductive contact between the thermal 
energy dissipating medium 20 and the encapsulating material 
17 so that thermal energy can be effectively transferred 
through the interface between the two via conduction. In this 
regard, the term "physical, thermally conductive contact’ 
between the thermal energy dissipating medium 20 and the 
encapsulating material 17 means that the thermal energy dis 
sipating medium 20 and the outer periphery of the encapsu 
lating material 17 fit tightly together in a physically contact 
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ing relationship Such that thermal energy is efficiently 
transferred from the outer periphery of the encapsulating 
material 17 to the thermal energy dissipating medium 20 
through the interface between these two structures, and/or 
that one or more additional thermally conductive medium(s) 
is/are interposed in the interface between the thermal energy 
dissipating medium 20 and the encapsulating material 17. 
Examples of such additional thermally conductive media 
include, but are not limited to, any one or combination of 
conventional thermally conductive greases and conventional 
thermally conductive bonding media such as conventional 
conductive adhesives, thermally conductive epoxies, or the 
like. In any case, the additional thermally conductive media, 
in embodiments that include Such additional thermally con 
ductive media, acts to facilitate the transfer of thermal energy 
from the outer periphery of the encapsulating material 17 to 
the thermal energy dissipating medium 20. 
0053. In the transfer of the thermal energy, TEs, from the 
heat Source within the encapsulating material 17 through the 
encapsulating material 17 and toward the thermal energy 
dissipating medium 20 as illustrated in FIGS. 1 and 2, the 
quantity Qs, is given by the radiative heat transfer equation: 

Ospr–Fsd ted Astoe(Tf-Tited) (2), 

0054 where Qs (Watts) is the heat transferred from the 
heat source through the encapsulating material 17 toward the 
thermal energy dissipating medium 20 via radiation, Fs, 
(dimensionless) is the “view factor from the thermal energy 
emitting surface(s) of the heat source, i.e., the sides, of the 
semiconductor circuit 12 and including the geometry of any 
thermally conductive structure(s) attached, connected, 
mounted and/or bonded thereto, to the thermal energy absorb 
ing Surface of the thermal energy dissipating medium 20, 
Ass (meters) is the area of the thermal energy emitting 
surface(s) of the heat source, O is the Stefan-Boltzmann con 
stant (5.6704x10 Wm K), e is the surface emissivity of 
the thermal energy emitting Surface(s) of the heat Source, T, 
(K) is the temperature of the semiconductor junction 15 and 
T (K) is the temperature of the outer periphery of the 
encapsulating material 17 across from the thermal energy 
emitting Surface(s) of the heat Source (i.e., at the interface of 
the encapsulating material 17 and the thermal energy dissi 
pating medium 20). The View factor, Fs depends gen 
erally upon the shapes of the thermal energy emitting and 
absorbing Surfaces, and view factor equations and/or values 
for various geometrical shapes are available in published 
literature. As one example, the view factor between two dif 
ferential areas dA and dA is given by dF-cos 0 cos 
0/US dA, where 0, is the angle between surface 1 normal 
and a straight line between the two areas, 0 is the angle 
between surface 2 normal and a straight line between the two 
areas, and S is the distance between the elements. Relating 
this equation back to equation 2, it can be generally concluded 
that radiative thermal energy transfer between two objects 
becomes greater as the distance S becomes less and also as 0. 
and 0 both approach Zero, i.e., when the two Surfaces are 
parallel. Conversely, as the two Surfaces are moved apart from 
each other, the radiative thermal energy transfer between 
them drops proportionally to 1/S, and as the two surfaces 
move away from a parallel relationship relative to each other 
the radiative heat transfer between them drops proportionally 
to cos 0 and cos 0. 
0055. The heat transfer variables Qs, and Qs are addi 
tive so that the total thermal energy, TEs, transferred from 
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the heat source within and through the encapsulating material 
17 to the thickness, W. of the thermal energy dissipating 
medium 20 is given by the Sum of equations (1) and (2) to 
yield: 

TEsparkW(T-TTEp)/ln(RoyR1)+Fst TerAsps'Oe 
(T/-Tred) (3). 

0056 Dissipation by the thermal energy dissipating 
medium 20 of the thermal energy absorbed from the heat 
Source through the encapsulating material 17 occurs via 
rejection of the absorbed thermal energy in the form of heat 
rejected by the thermal energy dissipating medium 20 to the 
ambient Surroundings, i.e., to the ambient environment Sur 
rounding the thermal energy dissipating medium 20, from the 
Surface area of the thermal energy dissipating medium 20 that 
extends radially away from the opening in the thermal energy 
dissipating medium defined by the thickness, W. and that is 
exposed to the ambient environment. In the example embodi 
ment illustrated in FIGS. 1 and 2, the thermal energy absorbed 
by the thermal energy dissipating medium 20, TE is thus 
depicted as being rejected outwardly away from every Surface 
of the thermal energy dissipating medium 20 that is exposed 
to the ambient environment Surrounding the thermal energy 
dissipating medium 20. In this heat rejection process, again 
only two of the conventional heat transfer mechanisms are 
pertinent; this time convection and radiation. In terms of heat 
transfer, Q, the two quantities of interest are thus the heat 
transferred from the thermal energy dissipating medium 20 to 
ambient via convection, Q, and the heat transferred from 
the thermal energy dissipating medium 20 to ambient via 
radiation, Q. The quantity Q, is given by the convective 
heat transfer equation: 

9tpc-Ash(Ts-TAME) (4), 

0057 where Q (Watts) is the heat transferred by the 
thermal energy dissipating medium 20 to ambient via con 
vection. As (m) is the surface area of the thermal energy 
dissipating medium 20, h (Watts/m’O) is the convective film 
coefficient of the thermal energy dissipating medium 20, Tsis 
the Surface temperature of the thermal energy dissipating 
medium 20 and T is the temperature of the ambient envi 
ronment Surrounding the thermal energy dissipating medium 
20. The convective film coefficient, h, represents the thermal 
resistance of a relatively stagnant layer of fluid between the 
thermal energy dissipating medium 20 and the fluid medium, 
which in the embodiment illustrated in FIGS. 1 and 2 is air. 
Values of h for air depends primarily on the shape of the 
thermal energy dissipating medium 20, and h values for stan 
dard geometric shapes can be found in publicly available 
literature. Alternatively or additionally, the convective film 
coefficient, h, for air can be computed using known equations 
and relationships. The surface area, As of the thermal energy 
dissipating medium 20 is the total area of the thermal energy 
dissipating medium 20 that is exposed to the ambient envi 
ronment Surrounding the thermal energy dissipating medium 
20. In the embodiment illustrated in FIG. 2, for example, 
L1-L2-L3-L4, and the total surface area of the thermal 
energy dissipating medium is A-4L1L5+4L1L6+2WL5+ 
2WL6. It will thus be appreciated that three of the four sides 
of the thermal energy dissipating medium 20 reject heat to the 
ambient environment Surrounding the thermal energy dissi 
pating medium 20, with the Surface of the thermal energy 
dissipating medium 20 that is in contact with the encapsulat 
ing material 17 being the only side that does not. Any one or 
more of the lengths L1-L6 may vary about the periphery of 
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the thermal energy dissipating medium 20 or may alterna 
tively be substantially constant. Similarly, the thickness, W. 
of the thermal energy dissipating medium 20 may be substan 
tially constant across all lengths, or may alternatively vary 
across any one or more of the lengths L1-L6. 
0058. In the transfer of the thermal energy,TE, from the 
thermal energy dissipating medium 20 to ambient as illus 
trated in FIG. 1, the quantity Q, is given by the radiative 
heat transfer equation: 

Qadri-Asoe(TS'-Tate) (5), 

0059 where Q (Watts) is the heat transferred from the 
thermal energy dissipating medium 20 to ambient via radia 
tion. As (m) is the total surface area of the thermal energy 
dissipating medium 20 that is exposed to the ambient envi 
ronment Surrounding the thermal energy dissipating medium 
20, O is the Stefan-Boltzmann constant (5.6704x10W m? 
K), e is the surface emissivity of the thermal energy dissi 
pating medium 20, Ts (K) is the Surface temperature of the 
thermal energy dissipating medium 20 and T (K) is the 
temperature of the ambient environment Surrounding the 
thermal energy dissipating medium 20. It will be noted that 
equation (5) is identical in form to equation (2), except that 
the view factor has been omitted, which is typical for surfaces 
with a completely unobstructed line-of-sight to its ambient 
Surroundings. In embodiments in which this is not the case, 
the view factor can be added to equation (5), and values of the 
view factor can be determined as described hereinabove with 
respect to equation (2). 
0060. The heat transfer variables Q and Q are addi 
tive so that the total thermal energy, TE transferred from 
the thermal energy dissipating medium 20 to ambient is given 
by the sum of equations (4) and (5) to yield: 

TErp-Ash(Ts-Tate)+Asoe (TS'-Tate) (6). 

0061. It should be noted that the thermal energy, TE 
transferred from the thermal energy dissipating medium 20 to 
ambient is directly proportional to both the total surface area, 
As of the thermal energy dissipating medium 20 that is 
exposed to ambient and the Surface emissivity, c, of the ther 
mal energy dissipating medium 20. The total amount of heat 
that can be rejected by the thermal energy dissipating medium 
20 to ambient can thus be increased by increasing the total 
Surface area. As of the thermal energy dissipating medium 
that is exposed to ambient. This may be done, for example, by 
increasing the lengths L1 and/or L2 of the thermal energy 
dissipating medium, Such as by adding one or more extended 
and/or folded edges to either or both of L1 and L2, by adding 
one or more fin structures to L1 and/or L2, by drilling holes 
into the Surface of the thermal energy dissipating medium 20, 
or the like. The total amount of heat that can be rejected by the 
thermal energy dissipating medium 20 to ambient can also be 
increased by increasing Surface emissivity of the thermal 
energy dissipating medium 20, Such as by coating one or 
more of the exposed Surfaces of the thermal energy dissipat 
ing medium 20 with a known high Surface emissivity coating. 
0062 Equation (6) represents an approximation of the 
rejected heat, TE, in which the Surface temperature, Ts of 
the thermal energy dissipating medium 20 is assumed to be 
constant across the Surface area, As. While this is not strictly 
true and the surface temperature,Ts actually varies across the 
Surface of the thermal energy dissipating medium, it is an 
acceptable approximation as long as the thermal conductivity, 
k (W/mK) is sufficiently high. Referring to FIG. 15, for 
example, a plot is shown of Surface temperature, Ts, of the 
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thermal energy dissipating medium 20 as a function of the 
distance from the side surface of the heat source, i.e., the side 
of the semiconductor circuit 12, in an embodiment in which 
the heat source is a light emitting diode (LED) circuit, the 
thermal energy dissipating medium 20 is a sheet or strip 
having lengths L1 and L2 that are both greater than the width 
W (see, for example, any of FIGS.) and in which W=1 mm. 
The line 200 represents an ideal thermal energy dissipating 
medium 200, i.e., with infinite or near-infinite thermal con 
ductivity, and in the ideal case the Surface temperature, Ts of 
the thermal energy dissipating medium 20 is constant across 
the surface area, As. It is this ideal case on which equation (6) 
is based. The line 202 represents athermal energy dissipating 
medium 20 having a thermal conductivity k=400 W/mk, 
which is representative of copper (see Table I). The line 204 
represents a thermal energy dissipating medium 20 having a 
thermal conductivity k=50 W/mK, and the line 206 represents 
a thermal energy dissipating medium having a thermal con 
ductivity k=10 W/mK. It should be apparent from FIG. 15 
that as the thermal conductivity, k, of the thermal energy 
dissipating medium 20 decreases, so too does the accuracy of 
equation (6). Thus, high conductivity values. Such as in 
excess of 50 W/mK and certainly those in excess of 200 
W/mK, not only enable good heat conduction by the thermal 
energy dissipating medium, but such high values also accept 
ably allow for a simplified form of equation (6) as set forth 
above. For conductivity values less than 50 W/mK, not only is 
heat conduction by the thermal energy dissipating medium 
generally unacceptably low, such low values further require a 
more complication form of equation (6) to account for Surface 
temperature differences about and along the Surface area, As 
of the thermal energy dissipating medium 20. 
0063 Equations (3) and (6), while useful for describing 
the transfer of thermal energy from within and through the 
encapsulating material 17 toward the outer periphery of the 
encapsulating material 17 (equation (3)) and for describing 
the transfer of thermal energy from the thermal energy dissi 
pating medium 20 to ambient (equation (6)), can also be used 
to determine one or more thermal energy design parameters 
required to meet one or more operating parameter goals. As 
one example, by setting equation (3) equal to equation (6) and 
entering into these equations values for the known variables 
(i.e., variables that can be calculated based on other operating 
conditions), an approximation of the total Surface area. As for 
a given thickness, W. of the thermal energy dissipating 
medium 20 required to maintain a target thermal energy dis 
sipating medium Surface temperature can be calculated. With 
the total Surface area. As thus known, the particular shape and 
thickness of the thermal energy dissipating medium 20 can be 
designed that is suitable for the particular application. In Such 
calculations, the junction temperature, T, of the semiconduc 
tor device 12 may be derived using known relationships from 
the magnitude of the drive current used to drive the semicon 
ductor device 12. If the ambient temperature or temperature 
range can be estimated or otherwise determined, the remain 
ing variables are measurable quantities, leaving only As and 
W to solve for. Manipulating either or both of equations (3) 
and (6) to determine other useful design parameters will 
occur to those skilled in the art, and the determination of any 
Such other useful design parameters is contemplated by this 
disclosure. 

0064 Referring now to FIGS. 3 and 4, another illustrative 
embodiment of a thermal energy dissipating arrangement 10' 
is shown for a semiconductor circuit 12'. In this embodiment, 
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the semiconductor 12 includes a P-type semiconductor 
region or layer 22, an N-type semiconductor region or layer 
24 formed on top of the region or layer 22, and a number of 
P-type regions or layers 26 and 28 extending into the top 
surface of the N-type region or layer 24. The P-type regions 
26, 28 and the N-type region 24 together form a conventional 
“lateral PNP transistor. An emitter 26 of the transistor is 
electrically connectable to a voltage V1 produced by a driver 
circuit 18", a collector 28 of the transistor is electrically con 
nectable to an electrical load and a base 24 of the transistor is 
electrically connectable to a voltage V2 produced by the 
driver circuit 18". When V1 is sufficiently above V2, a current, 
I, flows laterally from the emitter 28 to the collector 28 in a 
conventional manner. Current flow, I, through the semicon 
ductor circuit 12" and across the semiconductor junctions 
defined between the emitter 26 and collector 28 is generally 
normal to a plane defined by the semiconductor junction 15, 
and thermal energy directed outwardly from the semiconduc 
tor circuit 12" due to such current flow is oriented upwardly 
away from the top surface of the semiconductor circuit 12 
and into the encapsulating material 17"as illustrated in FIG.3. 
Accordingly, the thermally conductive medium 20' in this 
embodiment is positioned Substantially opposite to the plane 
defined by the semiconductor junctions defined between the 
emitter 26 and the collector 28, i.e., above the top surface of 
the semiconductor circuit 12" and in physical, thermally con 
ductive contact with the upper Surface of the encapsulating 
material 17". The thermally conductive medium 20' illustra 
tively extends completely over the top surface of the semi 
conductor circuit 12' in physical, thermally conductive con 
tact with the encapsulating material 17" substantially opposite 
to the plane defined by the semiconductor junctions defined 
between the emitter 26 and the collector 28, as shown most 
clearly in FIG. 4, although this disclosure contemplates that 
the thermally conductive medium 20' in some embodiments 
may extend over only part of the top Surface of the semicon 
ductor circuit 20'. It will be understood that with semicon 
ductor circuits that include one or more semiconductor junc 
tions across which current flows laterally and vertically, a 
Suitable thermally conductive medium may extend at least 
partially about the periphery of the semiconductor circuit and 
at least partially over the semiconductor circuit. 
0065 Referring now to FIG. 5, a cross-sectional view is 
shown of one illustrative embodiment of a thermal energy 
dissipating arrangement for one example electrical compo 
nent 100 including a semiconductor circuit 102. In the illus 
trated embodiment, the electrical component 100 is a light 
emitting diode (LED) device including a semiconductor LED 
circuit 102 having a bottom surface 101 mounted to and in 
electrical contact with a mounting Surface in the form of the 
topeportion of one electrically conductive lead 104 extending 
from the electrical component 100. The opposite top surface 
103 of the LED circuit 102 emits radiation in response to 
current flow through the LED circuit 102 in a conventional 
manner. The top surface 103 of the semiconductor LED cir 
cuit 102 is also electrically connected via a conventional bond 
wire 106 to another electrically conductive lead 108 extend 
ing from the electrical component 100. It will be understood 
that the semiconductor LED circuit 102 includes a semicon 
ductor junction as illustrated in FIG. 1 that is parallel with the 
mounting surface of the electrically conductive lead 104, 
although this junction is not specifically illustrated in FIG. 5. 
0066. The semiconductor LED circuit 102, the bond wire 
106 and portions of the electrically conductive leads 104 and 



US 2010/0252853 A1 

108, including the mounting surface of the electrically con 
ductive lead 104, are encapsulated and Surrounded in a con 
ventional LED encapsulating or potting material 110. The 
encapsulating material 110 defines a top portion 105 gener 
ally opposite to the top surface 103 of the LED circuit 102, a 
bottom portion 107 opposite to the mounting surface of the 
electrically conductive lead, and at least one side portion 109 
extending between the top and bottom portions 105 and 107 
respectively. In the embodiment illustrated in FIG. 5, the 
encapsulating material 110 of the LED 100 has a generally 
circular cross-section between the top portion 105 and the 
bottom portion 107, and in this embodiment the encapsulat 
ing material has only a single, circular side 109. However, this 
disclosure contemplates other LED embodiments in which 
the encapsulating material 110 has more than one side, and it 
would be a mechanical step to adapt the thermal energy 
dissipation arrangement illustrated and described in this dis 
closure to any such other LED embodiments. 
0067. In the embodiment illustrated in FIG. 5, the ther 
mally conductive medium 112 is provided in the form of a 
ring or band that is embedded in the encapsulating material 
110. The ring or band 112 is illustratively spaced apart from 
the semiconductor LED circuit 102 and extends completely 
about the periphery of the semiconductor circuit 102. Alter 
natively, the ring or band 112 may extend less than com 
pletely around the semiconductor LED circuit 102. In any 
case, at least a portion of the band or ring 112 is positioned 
Substantially opposite to the plane defined by at least one 
semiconductor junction of the semiconductor LED circuit 
102, and is electrically isolated from the LED circuit 102. 
0068 Referring now to FIG. 6, a cross-sectional view of 
another illustrative embodiment of a thermal energy dissipat 
ing arrangement for another example electrical component 
100' including the semiconductor circuit 102. In the illus 
trated embodiment, the electrical component 100' is a light 
emitting diode (LED) device as described with respect to 
FIG. 5, but without a thermally conductive band or ring 
embedded in the encapsulating or potting material 110. 
Rather, in the embodiment illustrated in FIG. 6, the thermally 
conductive medium 114 is provided in the form of a ring or 
band or plate that extends at least partially about, and in 
physical, thermally conductive contact with, an outer Surface 
of the side 109 of the encapsulating material 110. The ring or 
band or plate 114 is illustratively spaced apart from the semi 
conductor LED circuit 102 and extends completely about the 
outer Surface of the encapsulating or potting material 110. 
Alternatively, the ring or band 114 may extend less than 
completely around the outer Surface of the encapsulating or 
potting material 110. In any case, at least a portion of the band 
or ring 114 is positioned Substantially opposite to the plane 
defined by at least one semiconductor junction of the semi 
conductor LED circuit 102. The outer diameter of the ring or 
band or plate may be selected to achieve one or more thermal 
energy dissipating goals. Referring to FIG. 7, for example, an 
example electrical component 100" is illustrated in which the 
thermally conductive medium 114 is provided in the form of 
a concentric plate 114" having an outer diameter that is sized 
to achieve one or more thermal energy dissipating goals, e.g., 
to effectively absorb thermal energy from the device 100" and 
effectively reject thermal energy to the ambient Surrounding 
the plate 114'. The concentric plate 114 has an inner diameter 
113 that is sized to fittightly against the outer periphery of the 
encapsulating material 110 to thereby form physical, ther 
mally conductive contact between the inner diameter of the 
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concentric plate 114' and the outer periphery of the encapsu 
lating material 110 such that the concentric plate 114 defines 
an annular ring. In one embodiment, the concentric plate 114 
may be provided in the form of a conventional washerformed 
from any one or more known materials that may include, but 
should not be limited to, one or more of the materials listed in 
Table I above. It will be understood that the concentric shape 
of the outer periphery of the plate (or washer) 114' illustrated 
in FIG. 7 is provided only for illustrative purposes, and that 
the outer periphery of the plate (or washer) 114" may alterna 
tively be provided in any desired geometric shape. 
0069. Referring now to FIG. 8, a cross-sectional view of 
yet another illustrative embodiment of a thermal energy dis 
sipating arrangement for another example electrical compo 
nent 100" including the semiconductor circuit 102. In the 
illustrated embodiment, the electrical component 100" is a 
light emitting diode (LED) device as described with respect to 
FIGS. 5 and 6, but without a thermally conductive band or 
ring or plate embedded in the encapsulating or potting mate 
rial 110 or extending at least partially about an outer surface 
of the encapsulating or potting material 110. Rather, in the 
embodiment illustrated in FIG. 8, the thermally conductive 
medium 114 is provided in the form of thermally conductive 
particles 116 intermixed with at least a portion of the encap 
Sulating or potting material 110'. In one embodiment, for 
example, the thermally conductive particles 116 are provided 
in the form ofathermally conductive powder. Alternatively or 
additionally the thermally conductive particles 116 may be 
provided in the form of loose, ground medium prepared by, 
for example, grinding and/or shaving a solid form of the 
thermally conductive medium. In any case, the thermally 
conductive particles 116 extend at least partially about the 
semiconductor LED circuit 102, and may further be inter 
mixed with the entire encapsulating or potting material 110' 
as illustrated in FIG. 8. In any case, at least a portion of the 
thermally conductive particles 116 is positioned substantially 
opposite to the plane defined by at least one semiconductor 
junction of the semiconductor LED circuit 102. 
(0070 Referring now to FIG.9, a front elevational view is 
shown of one illustrative embodiment of a thermal energy 
dissipating arrangement 120 for a plurality of electrical com 
ponents 130 generally of the type illustrated in FIGS. 5-7. In 
the illustrated embodiment, the thermal energy dissipating 
arrangement 120 acts not only as a thermal energy dissipating 
medium as described hereinabove, but also acts as a compo 
nent mounting arrangement for the plurality of electrical 
components 130. The plurality of electrical components 130 
are generally of the type illustrated in FIGS. 5-7, but instead 
of the single thermally conductive ring or band or plate 114, 
an array 140 consisting of a plurality of interconnected rings 
or bands is provided. The array 140 defines a plurality of rings 
or bands 142, 1422, 142, ... each sized to receive therein a 
different one of the plurality of electrical components. Each 
of the plurality of rings or bands 142, 1422, 142s. . . . is 
interconnected to adjacent rings or bands by thermally con 
ductive interconnecting members 144, 144, 144s. 144, etc. 
Illustratively, the rings or bands 142,142, 142, ... are sized 
to receive and hold a different one of the electrical compo 
nents 130 therein to provide not only a thermal energy dissi 
pating mechanism for each of the plurality of electrical com 
ponents 130, but also a mounting structure for the plurality of 
electrical components 130. Each of the plurality of rings or 
bands 142, 142, 142, ... illustratively extend completely 
about outer Surface of a corresponding one of the electrical 
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components 130. Alternatively, one or more of the plurality of 
rings or bands 142, 142, 142. . . . may extend less than 
completely around corresponding ones of the plurality of 
electrical components 130. In any case, at least a portion of 
each of the plurality of bands or rings 142, 142, 142, ... is 
positioned Substantially opposite to the plane defined by at 
least one semiconductor junction of each corresponding 
semiconductor LED circuit 102. 

(0071 Referring now to FIGS. 10 and 11, a perspective 
view is shown of another illustrative embodimentofathermal 
energy dissipating arrangement 150 for a plurality of the 
electrical components generally of the type illustrated in 
FIGS. 5-7 (e.g., light emitting diodes or LEDs), and that also 
acts as a component mounting arrangement for the plurality 
of electrical components, e.g., 156-156. In the illustrated 
embodiment, the thermal energy dissipating arrangement 150 
acts not only as a thermal energy dissipating medium as 
described hereinabove, but also acts as a component mount 
ing arrangement, i.e., an electrical component carrier, for the 
plurality of electrical components, e.g., 156-1569. The plu 
rality of electrical components 156-156s are generally of the 
type illustrated in FIGS. 5-7, but instead of the single ther 
mally conductive ring or band 114 a thermally conductive 
sheet 152 consisting of a plurality of openings 154-154 is 
provided. The sheet 152 has a length, Ls, (which is shown 
truncated in FIG. 10), a width, Ws, and a thickness, THs. 
Generally, the length, Ls, and Width, Ws, are both greater 
than the thickness, THs, and, depending upon the number of 
electrical components mounted thereto, the length, Ls, and 
Width, Ws, may either or both be much greater than the 
thickness, THs. Each of the plurality of openings 154-154 
is illustratively sized to receive and securely hold therein a 
different one of the plurality of electrical components 156 
156 to provide not only a thermal energy dissipating mecha 
nism for each of the plurality of electrical components 156 
1569, but also a mounting and carrying structure for the 
plurality of electrical components 156-156s, such that the 
sheet 152 acts as a combination thermal energy dissipation 
medium and electrical component carrier. At least a portion of 
each of the plurality of openings 154-154 is illustratively 
positioned Substantially opposite to the plane defined by at 
least one semiconductor junction of each corresponding 
semiconductor LED circuit 102. The inner diameters of the 
openings 154-154 are sized to fit tightly against the outer 
peripheries, i.e., exterior Surface, of the side(s) of the encap 
sulating material 110 of the various electrical components 
156-156 to thereby form physical, thermally conductive 
contact between the walls defined by the inner diameters of 
the openings 154-1549 and the outer peripheries, i.e., exte 
rior surface, of the side(s) of the electrical components 156 
156. The thermally conductive sheet 152 may be formed of 
any one, or combination, ofthermally conductive materials of 
the type described hereinabove. It will be understood that 
while FIGS. 10 and 11 show a thermal energy dissipating 
arrangement 150 for receiving and holding 9 LEDs, this dis 
closure contemplates embodiments of the thermal energy 
dissipating arrangement 150 that is configured to receive and 
hold more or fewer LEDs or other semiconductor-based elec 
trical components. In any case, as described hereinabove with 
respect to FIG. 1, one or more additional thermally conduc 
tive media may be interposed in the interface between any one 
or more of the openings 154-154 and the outer peripheries 
of the electrical components 156-156. Examples of such 
additional thermally conductive media include, but are not 
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limited to, any one or combination of conventional thermally 
conductive greases and conventional thermally conductive 
bonding media Such as conventional conductive adhesives, 
thermally conductive epoxies, or the like. 
0072 Referring now to FIG. 12, a top plan view is shown 
of yet another thermal energy dissipating arrangement 160 
for a plurality of the electrical components generally of the 
type illustrated in FIGS. 5-7 (e.g., light emitting diodes or 
LEDs), and that also acts as a component mounting arrange 
ment, i.e., an electrical component carrier, for a plurality of 
electrical components, e.g., 166-166s. The plurality of elec 
trical components 166-166s are generally of the type illus 
trated in FIGS. 5-7, but instead of the single thermally con 
ductive ring or band 114 a thermally conductive strip 162 
consisting of a plurality of openings 164-164s is provided. 
The strip 162 has a length, Ls, (which is shown truncated in 
FIG. 12), a width, Ws, and a thickness, TH. Generally, the 
length, Ls, and Width, Ws, are both greater than the thick 
ness, THs, and, depending upon the number of electrical 
components mounted thereto, the length, Ls, and/or Width, 
Ws, may either or both be much greater than the thickness, 
THs. Each of the plurality of openings 164-164s is illustra 
tively sized to receive and securely hold therein a different 
one of the plurality of electrical components 166-166 to 
provide not only a thermal energy dissipating mechanism for 
each of the plurality of electrical components 166-166, but 
also a mounting and carrying structure for the plurality of 
electrical components 166-166. At least a portion of each of 
the plurality of openings 164-164s is positioned substan 
tially opposite to the plane defined by at least one semicon 
ductor junction of each corresponding semiconductor LED 
circuit 102. The inner diameters of the openings 164-164s 
are sized to fit tightly against the outer peripheries, i.e., the 
exterior Surface, of the side(s) of the encapsulating material 
110 of the various electrical components 166-166s to 
thereby form physical, thermally conductive contact between 
the inner diameters of the openings 164-164s and the outer 
peripheries, i.e., the exterior surface, of the side(s) of the 
electrical components 166-166s. The thermally conductive 
strip 162 may be formed of any one, or combination, of 
thermally conductive materials of the type described herein 
above. It will be understood that while FIG. 12 shows a 
thermal energy dissipating arrangement 160 for receiving and 
holding 5 LEDs, this disclosure contemplates embodiments 
of the thermal energy dissipating arrangement 160 that is 
configured to receive and hold more or fewer LEDs or other 
semiconductor-based electrical components. In any case, as 
described hereinabove with respect to FIG. 1, one or more 
additional thermally conductive media may be interposed in 
the interface between any one or more of the openings 164 
1649 and the outer peripheries of the electrical components 
166-166. Examples of such additional thermally conduc 
tive media include, but are not limited to, any one or combi 
nation of conventional thermally conductive greases and con 
ventional thermally conductive bonding media Such as 
conventional conductive adhesives, thermally conductive 
epoxies, or the like. 
0073. It will be appreciated that the thermal energy dissi 
pating sheet 152 illustrated in FIGS. 10-11 generally differs 
from the thermal energy dissipating strip 162 only in the 
arrangement of electrical components, e.g., LEDs, mounted 
thereto. In particular, FIGS. 10-11 show a matrix of LEDs 
mounted to the thermal energy dissipating sheet 152, i.e., an 
mxnarray of LEDs where mand n may be any positive integer 
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greater than 1, whereas FIG. 12 shows a single row of LEDs 
mounted to the thermal energy dissipating strip 162, i.e., a 
1xp array of LEDs where p may be any positive integer 
greater than 1. The thermal energy dissipating sheet 152 may 
otherwise be identical to the thermal energy dissipating strip 
162, and as used hereinafter the term “thermal energy dissi 
pating sheet may be understood to generally identify a ther 
mal energy dissipating sheet or strip, it being understood that 
a “strip' in this context is a subset of a “sheet.” It will further 
be appreciated that any Such single row or matrix of LEDs 
carried by Such a thermal energy dissipating sheet or strip 
may be arranged linearly or non-linearly about the sheet or 
strip. 
0074) Referring now to FIGS. 13 A-13B, cross-sections of 
the thermal energy dissipating arrangement 160 are shown 
illustrating various different geometries of the thermal energy 
dissipating medium 162. In FIG. 13A, for example, the ther 
mal energy dissipating structure 162 illustrated in FIG. 12 is 
shown in which the thermal energy dissipating structure 162 
defines a single planar structure positioned relative to the 
LED 164 to be substantially centrally aligned with the junc 
tion 15 of the semiconductor circuit 102. The planar “wings” 
168A and 168B of the thermal energy dissipating structure 
162 are illustratively equal in length, although in alternate 
embodiments the length of one wing 168A, 168B may be 
different from the length of the other wing 168B, 168A. 
0075 Referring to FIG. 13B, a modification 162 of the 
thermal energy dissipating structure 162 illustrated in FIG. 12 
is shown in which the thermal energy dissipating structure 
162 includes a planar region 170 positioned about the LED 
164 to be substantially centrally aligned with the junction 15 
of the semiconductor circuit 102. A pair of “wings' 168A and 
168B' extend downwardly from, and at an angle relative to, 
the planar region 170 on opposite sides of the LED 164. In 
the illustrated embodiment, the angle of each wing 168A and 
168B' relative to the planar region is approximately 90 
degrees, although the angle of each wing 168A, 168B' rela 
tive to the planar section 170 may alternatively be different 
and/or one or both may be an angle other than 90 degrees. The 
total length of each wing 168A, 168B' of the thermal energy 
dissipating structure 162' is illustratively equal to the other, 
although in alternate embodiments the length of one wing 
168A, 168B' may be different from the length of the other 
wing 168B', 168A'. 
0076 Referring to FIG. 13C, another modification 162" of 
the thermal energy dissipating structure 162 illustrated in 
FIG. 12 is shown in which the thermal energy dissipating 
structure 162" includes a planar region 170 positioned about 
the LED 164 to be substantially centrally aligned with the 
junction 15 of the semiconductor circuit 102. A single “wing 
168A extend downwardly from, and at an angle relative to, 
the planar region 170 on one side of the LED 164 only. In the 
illustrated embodiment, the angle of the wing 168A relative 
to the planar region is approximately 90 degrees, although the 
angle of the wing 168A relative to the planar region 170 may 
alternatively be different and/may be an angle other than 90 
degrees. 
0077 Referring to FIG. 13D, yet another modification 
162 of the thermal energy dissipating structure 162 illus 
trated in FIG. 12 is shown in which the thermal energy dissi 
pating structure 162" includes a planar region 170 positioned 
about the LED 164 to be substantially centrally aligned with 
the junction 15 of the semiconductor circuit 102. A pair of 
“wings' 168A and 168B' extend downwardly from, and at an 
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angle relative to, the planar region 170 on opposite sides of 
the LED 164, and another pair of wings 168A" and 168B" 
extend upwardly from, and at angle relative to, the wings 
168A and 168B' respectively. In the illustrated embodiment, 
the angle of each wing 168A' and 168B' relative to the planar 
region is approximately 90 degrees, and the angle of each 
wing 168A", 168B" relative to the wing 168A and 168B' 
respectively, is approximately 180 degrees, although the 
angle of each wing 168A, 168B' relative to the planar section 
170 may alternatively be different and/or one or both may be 
an angle other than 90 degrees, and/or the angle of each wing 
168A", 168B" relative to the wing 168A and 168B' respec 
tively may alternatively be different and/or one or both may 
be an angle other than 180 degrees. The total length of each 
wing 168A, 168B' of the thermal energy dissipating structure 
162' is illustratively equal to the other, and the total length of 
each wing 168A", 168B" is illustratively equal to the other. In 
alternate embodiments, however, the length of the wing 
168A may be different from the length of the wing 168B', 
and/or the length of the wing 168A" may be different from the 
length of the wing 168B". 
0078 Those skilled in the art will appreciate that the ther 
mal energy dissipation structure 162 may be modified to take 
other forms not specifically illustrated herein, for the purpose 
of providing a desired amount of Surface area. As of the 
thermal energy dissipating medium. It will be understood that 
any such other forms are contemplated by this disclosure. 
0079 Referring now to FIG. 14, a cross-sectional view of 
the embodiment illustrated in FIGS. 12 and 13A is shown 
illustrating the LED 164 mounted to a number of juxtaposed 
thermal energy dissipating structures 162, 162U and 162D. 
The thermal energy dissipating structure 162 is illustratively 
as described with respect to FIGS. 12 and 13A, and is posi 
tioned relative to the LED 164 as also described with respect 
to FIG. 13A. This disclosure contemplates that any one or 
more of the electrical components illustrated and described 
herein may also be mounted to one or more additional thermal 
energy dissipating media. As illustrated in FIG. 14, for 
example, a lower thermal energy dissipation structure 162, 
(shown in phantom) may be mounted to the LED 164 
beneath the thermal energy dissipating structure 162 to 
enhance rejection of thermal energy to ambient. Alternatively 
or additionally, an upper thermal energy dissipating structure 
162 (shown in phantom) may be mounted to the LED 164 
above the thermal energy dissipating structure 162 to alter 
natively or additionally enhance rejection of thermal energy 
to ambient. Alternatively still, the thermal energy dissipating 
structure 162 may be omitted, and the LED 164 may be 
mounted only to either or both of the thermal energy dissipa 
tion structures 162, and 162, 
0080. In embodiments in which the LED 164 is mounted 
to only one of the thermal energy dissipating structures 162, 
or 162, FIG. 14 further illustrates the effect described here 
inabove with misalignment of the thermal energy dissipating 
structure relative to the semiconductor junction 15. For 
example, if the thermal energy dissipating structure 162 or 
162, is positioned relative to the semiconductor junction 15 
to define an angle, 0, between the plane defined by the semi 
conductor junction 15 and a center point of the width of the 
thermal energy dissipating structure 162 or 162, the trans 
fer of thermal energy from the heat source to the thermal 
energy dissipation structure 162 or 162, will decrease by a 
factor of cos 0. However, because an upper portion of the 
electrically conductive lead 104 also forms a lead frame to 
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which the semiconductor circuit is mounted, at least a portion 
of this lead frame will be part of the heat source. Thus, a low 
misalignment of the thermal energy dissipating structure, 
e.g., 162, should not decrease the transfer of thermal energy 
from the heat source as much as a high misalignment of the 
thermal energy dissipating structure, e.g., 162, because the 
lower thermal energy dissipating structure 162, is better 
aligned with the total heat Source than is the upper thermal 
energy dissipating structure 162. In any case, it is desirable 
for the thermal energy dissipation structure to intersect the 
plane defined by the semiconductor junction 15 at an angle, 0. 
of less than or equal to a predefined angle. 
0081 For example, it is desirable for the angle, 0, to be less 
than or equal to about 60 degrees, it is more desirable for the 
angle, 0, to be less than or equal to about 45 degrees, and it is 
even more desirable for the angle, 0, to be less than equal to 
about 15 degrees, and ideally it is desirable for the angle, 0, to 
be about Zero degrees such that the plane defined by the 
semiconductor junction 15 substantially bisects the thermal 
energy dissipation structure. 
0082 It should be noted that the thermal energy dissipat 
ing media illustrated and described herein is in all instances 
separate from the lead frame or other mounting Surface to 
which the semiconductor circuit is mounted and is electri 
cally isolated from all Voltage and/or current carrying con 
ductive paths, i.e., it is not electrically connected in any way 
to the semiconductor circuit or any Voltage/current carrying 
conductors. However, because the thermal energy dissipating 
media may illustratively be formed from one or more electri 
cal conductive materials, this disclosure contemplates that in 
Such cases the thermal energy dissipating media may, but 
need not, be electrically connected to the ground potential. 
0083. In various embodiments shown and described 
herein in which the semiconductor circuit includes an LED 
circuit encapsulated in transparent or otherwise light (radia 
tion) transmissive encapsulating material, the thermal energy 
dissipating material is arranged to contact the sides of the 
exterior Surface, e.g., about the outer periphery, of the encap 
sulating material as described hereinabove. Illustratively, the 
thermal energy dissipating material is positioned relative to 
the LED circuit Such that the thermal energy dissipating mate 
rial is directly opposite to, and generally aligned with, the 
plane defined by the junction of the LED circuit. Alterna 
tively, as illustrated and described with respect to FIG. 14, the 
thermal energy dissipating material can be positioned Such 
that it is offset, e.g., either higher or lower, by an angle 0 
relative to the plane defined by the junction of the LED 
circuit, although this may result in a reduction of thermal 
energy dissipation by a factor of cos 0. In other alternative 
embodiments, as also illustrated and described with respect to 
FIG. 14, the thermal energy dissipating medium may be pro 
vided in the form of multiple, e.g., stacked, sheets, strips, 
bands or rings. In any such embodiments that include single 
or multiple layers of the thermal energy dissipating medium, 
a single Surface of each thermal energy dissipating medium 
having width W is in physical, thermally conductive contact 
with the sides of the encapsulating material, as the term 
“physical, thermally conductive' contact is defined herein. It 
is only this surface of width W that absorbs thermal energy 
from the LED device, and all other surfaces of each thermal 
energy dissipating medium serve to reject heat to the ambient 
environment Surrounding the thermal energy dissipating 
medium as described herein. While one or more additional, 
conventional thermal energy dissipating structures may be 
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may be used to contact the underside of the LED device, i.e., 
to contact the encapsulating material underneath the semi 
conductor circuit and lead frame combination, to thereby 
enhance the thermal energy management of the LED device, 
it will be understood that any such additional, conventional 
thermal energy dissipating structures are generally not nec 
essary. Rather, the various thermal energy dissipating 
arrangements illustrated and described herein sufficiently 
dissipate, by themselves, thermal energy generated in LED 
devices as a result of current flow therethrough, and further 
allow the overall operating temperature of such LED devices 
to be controlled to acceptable temperature levels. 
0084. While the invention has been illustrated and 
described in detail in the foregoing drawings and description, 
the same is to be considered as illustrative and not restrictive 
in character, it being understood that only illustrative embodi 
ments thereof have been shown and described and that all 
changes and modifications that come within the spirit of the 
invention are desired to be protected. For example, while 
Some of the drawings illustrate the thermal energy dissipating 
arrangement implemented in or with one or more light emit 
ting diodes (LEDs), it will be understood that the thermal 
energy dissipating concept described herein may be used with 
any semiconductor circuits, particularly those in which cur 
rent flow under typical operating conditions would raise the 
temperature of the semiconductor circuit to undesirable levels 
in the absence of a thermal energy dissipating arrangement as 
described herein. Examples of such semiconductors include, 
but should not be limited to, power transistors, high current 
driver devices, amplifiers generally and audio amplifiers spe 
cifically, and the like. 
What is claimed is: 
1. A thermal energy dissipating arrangement for a light 

emitting diode (LED), comprising: 
an LED including an LED circuit having a top Surface from 

which radiation is emitted in response to current flow 
through the LED circuit and an opposite bottom Surface, 
and encapsulating material Surrounding the LED circuit, 
the encapsulating material defining a top portion oppo 
site the top surface of the LED circuit, a bottom portion 
opposite the bottom surface of the LED circuit and at 
least one side portion extending between the bottom 
portion and the top portion, and 

a thermal energy dissipating medium having a top surface, 
a bottom Surface and thickness therebetween defining an 
opening therethrough sized to receive therein the LED 
Such that the thickness of the thermal energy dissipating 
medium defining the opening is in physical, thermally 
conductive contact with an exterior surface of the at least 
one side portion of the encapsulating material of the 
LED, the top and bottom surfaces of the thermal energy 
dissipating medium each defining a length that is greater 
than the thickness and that extends radially away from 
the opening to an outer periphery, 

wherein the thickness of the thermally conductive medium 
defining the opening and in contact with the exterior 
Surface of the at least one side portion of the encapsu 
lating material of the LED absorbs thermal energy gen 
erated within the LED as a result of current flow through 
the LED circuit, 

and wherein the thermal energy dissipating medium rejects 
the absorbed thermal energy to an ambient environment 
Surrounding the thermal energy dissipating medium 
through a surface area of the thermal energy dissipating 
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medium defined by the combination of the top surface, 
the bottom surface and the outer periphery. 

2. The thermal energy dissipating arrangement of claim 1 
wherein the thickness of the thermal energy dissipating 
medium is substantially uniform between the opening and the 
outer periphery thereof. 

3. The thermal energy dissipating arrangement of claim 1 
wherein the length of the top and bottom surfaces of the 
thermal energy dissipating medium is Substantially constant 
about the outer periphery thereof. 

4. The thermal energy dissipating arrangement of claim 1 
wherein the length of the top and bottom surfaces of the 
thermal energy dissipating medium varies about the outer 
periphery thereof. 

5. The thermal energy dissipating arrangement of claim 1 
wherein the thermal energy dissipating medium comprises at 
least one of copper (Cu) and aluminum (Al). 

6. The thermal energy dissipating arrangement of claim 1 
wherein the thermal energy dissipating medium comprises 
one or more of copper (Cu), Aluminum (Al), Gold (Au), 
Silver (Au), Magnesium (Mg), Tin (Sn), Zinc (Zn), Tungsten 
(W) and Beryllium (Be). 

7. The thermal energy dissipating arrangement of claim 1 
wherein the thermal energy dissipating medium is formed of 
a material having a thermal conductivity of at least 50 W/mK. 

8. The thermal energy dissipating arrangement of claim 1 
wherein the thermal energy dissipating medium is formed of 
a material having a thermal conductivity of at least 200 
W/mK. 

9. The thermal energy dissipating arrangement of claim 1 
wherein the LED further comprises a mounting surface to 
which the bottom surface of the LED circuit is mounted, 

and wherein the thermal energy dissipating medium is 
separate from, and is not connected to, the mounting 
Surface. 

10. The thermal energy dissipating arrangement of claim 1 
wherein the thermal energy dissipating medium is electrically 
isolated from the LED circuit. 

11. The thermal energy dissipating arrangement of claim 1 
further comprising a high Surface emissivity coating applied 
to one or more of the top surface of the thermal energy 
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dissipating medium, the bottom surface of the thermal energy 
dissipating medium and the outer periphery of the thermal 
energy dissipating medium. 

12. The thermal energy dissipating arrangement of claim 1 
wherein an interface is defined between the opening defined 
through the thickness of the thermal energy dissipating 
medium and the at least one side of the encapsulating material 
of the LED, 

and further comprising a thermally conductive medium 
interposed in the interface, the thermally conductive 
medium facilitating transfer of the thermal energy from 
the LED to the thermal energy dissipating medium. 

13. The thermal energy dissipating arrangement of claim 
12 wherein the thermally conductive medium comprises at 
least one of a thermally conductive grease and a thermally 
conductive bonding medium. 

14. The thermal energy dissipating arrangement of claim 1 
wherein the LED circuit defines a semiconductor junction 
between the top and bottom surfaces thereof across which the 
current flows through the LED circuit, the semiconductor 
junction defining a plane that is substantially parallel with the 
top and bottom surfaces of the LED circuit. 

15. The thermal energy dissipating arrangement of claim 
14 wherein the thickness of the thermal energy dissipating 
medium is substantially aligned with the plane defined by the 
semiconductor junction of the LED circuit. 

16. The thermal energy dissipating arrangement of claim 
14 wherein the thickness of the thermal energy dissipating 
medium defining the opening intersects an angle of less than 
or equal to a predefined angle relative to the plane defined by 
the semiconductor junction of the LED circuit. 

17. The thermal energy dissipating arrangement of claim 
16 wherein the predefined angle is about 60 degrees. 

18. The thermal energy dissipating arrangement of claim 
16 wherein the predefined angle is about 45 degrees. 

19. The thermal energy dissipating arrangement of claim 
16 wherein the predefined angle is about 15 degrees. 

20. The thermal energy dissipating arrangement of claim 
16 wherein the predefined angle is about Zero degrees such 
that the plane defined by the semiconductor junction of the 
LED circuit substantially bisects the thickness of the thermal 
energy dissipating medium. 
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